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Ms. Diane Neilson
Utah Div. of Oil, Gas, and Mining
355 West North Temple
3 Triad Center, Suite 350
Salt Lake City, UT 84180-1203

DearDiane:

As promised, I have attached a copy of a research proposal funded by the University of
Utah Research Committee to study various factorslhai influence groundwater flow and
solute transport in natural closed-desert-basin hydrologic systems similar to that found in
the Pilot Valley, Utah.

I_hope to develop new insight into ttre nature of the groundwater flow system by exploiting
the way that groundwater flow modifies the chemical and isotopic signature oT water
samples obtained within the flow system. To this end, a suite ofwatef samples will be
collected from (1) high-elevation springs issuing from bedrock, (2) low-elevaiion springs
is.suing near the break-in-slope of surface topogaphy at the playa margin, and (3i from
piezometers installed by previous workers- and in 

-the 
couise- of the current project.

Preliminary review of chemical analyses performed on water samples collected from
springs and existing wells is underway and will be completed in the next few weeks. We
expect that these results will provide a basis for establishing optimal locations for collecting
the water samples to be submitted for isotopic analysei (Oxygen-l8, Deuterium, and
Tritium).

O_ur existing funds and equipment restrict us to shallow drilling depths (maximum depth is
45 feet) within regions of the playa that readily support conventional four wheel vehicles.
In order to obtain the water samples and lithologic information needed to properly
characteize the chemical and groundwater conditions within the basin we need to use a
drill-rig mounted on a vehicle with tracks or balloon tires. If possible, such a rig should
also have the capability to drill to depths in excess of 100 feet; bbth on the playa and on the
adjacent alluvial fan deposits (the auger rig on loan from the UGMS is unable to penetrate
t-o any significant depth in materials other than the silts and clays found within the playa).
Several suitable rigs are reported to be available in the Salt Lake Valley and I amin the
process of obtaining cost estimates.
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As we discussed on tlre.telephone, I am so.liciting the funding neededto contract the drilling
services and to subsidize the costs of pie^z-o-me_ter constru;tion and ru-ff" 

""ulyses. 
A

preliminary estimate.suggests that about $20,000.00 would enable this p'roject to reach a
point where realistic inferences.regardiqs the character of the pilot Vallef n6* ryrt"m can
be made. Preliminary discussioni with-th_e_University administration zuggesr ihat if the
State of Utah were p provide a $12,000.00 grant of hon-Federally routEJA fonds (with
lOVo indkecr costs char.ged_by^the U of rJ and,"3g%o considered to UJuligiti-ut" *at.'t i"g
contribution made by tle U of U), then I could apply to the USGS Waier Resources 105
$ogra$ for matchiqg funds in the amount of aUout $16,000.00 (with 48go i;direct costs
charged by the U qrgr-The funds available forresearch-would then be about $rg,000.b0
(the grant total of $28,000.00 less the indirect costs of $9,000.00). - -

l!,{0ea.insight gaipd by augmenting the ongoing research with additional drilling and
;aqntins. is expected to-provide an integrated inierpretation of the geochemicai and
hyclrologic- systems found in a closed desert basin thaf wi[, in turn, assist the USGS and
others in their studies of the processes that control development of salt crusts in desert
basins.

If you have any qu9ri9.s_n]e^a;9 fqel free to contact me at your convenience. My phone
number on campus is 581-3864. Thank you for considering this solicitation.

Craig B. Forster
Research Assistant Professor

Sincerely,
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APPENDIX A
Faculty Grant Proposal

Research Project x or Creative Project

Date: March 21., 1990

soc. sec. No: 529-59-?737

Signature: Phone No: 38 64

Carrpus Address: 719 w.C. Browninq Buildins Mail Code:

Departrnent: Geoloqy & Geophysics Home Dept. No:

1183

Faculty Rank: Reasearch Assi stant Professor

Department Chair: Name (typed): Dr. Francis Brown

Signature:

Project Title: A Field-Based Study of the Likelihood for Sa'linity-Driven

Free Convection Beneath the Pilot Valley P1ay, Utah-Nevada

Project Short Title (30 Characters or less): Free Convection Beneath Plavas

Duration of Activity: 1 year Amt. Funds Reguested: $3ezo

Abstract: This summary should be understandable by informed scholars outside
the investigator's field. Use provided soace onlvl

Previots worters have prcpoccd that contrasts in fluid dcnsity canscd by cvaporative distilluion of
shdlow groundwacr within playas (sdt flas) can causc salinity&iven ftree convection beneath the

playa Field-based confirmation of the ptrsence (or abscncc) of frec convection is required to

refinc and validaa conccpurd and numcrical modcls of groundwatcr flow urd solurc transport in

this and 3imilqr cnvironmcnts. Thc ncccssary data can bc obtained by collecting a set of
groundwatsr sarybs frm a varicty of dcpttrs and at scveral locuions within the Pilot Valley playa

locatcd on thc Utah-Nevndn border. Rates of vertical grcundwarcr flow wiU bc estimated by

conPoring thc rcsulting concchtration-dcpth prcfilcs, obtaincd for a varicty of chemical urd stable

isotopc qlecies, with onc anothcr and with a scries of rlrcorcticdly-&rivcd conccntration profiles.

If it can be sbown that groundwacr velcities excccd l(}ll m sl, thcn it is litely that onc or more

salinitytiven froe+qrvcction cells may cxist beneath thc playa.

"'Does prolect include: 

-Animals 
_Human Subjects _Radioisotopes?

Does budget include any computer equipment or sottware?

5 '.4s. C-tt-- {- r=rB

B. Forster



APPENDIX B

Budget

1. Suppties:

a. Piezometer pipe $ zzO nO

450 ft. @ $0.60 per ft.
b. Piezometer completion $_ fLQ.00

materia'ls: 36 @ $15.00

c. Fuel for auser rig and $_ 200.00 Total $J_ql-QJg_
misc. supl i6s (inil . hand pumpf,-ffiiF-te bott'tes)

2. Equipment:

?. Hand auger with extensions $ SSO.OO
to 4 meters length

b. rtectrical conductance probe $ eoo-oo Tota'l g 980.00

2.1 Sanrple Ana'lyses - Chemical & Isotope
c. i2.'sanp]ls'0 $100..00 $ ' tnnn nn Total $-r.os0-00--

Justification for equipment valued in excess of $1,000:

3. Travel:

a. Domestic g_ zso -oo
Department 4x4 Vehicle

b. B?dlbt.'rr9..'$,taT L!fidtsir' E Total $ zso-oo

Justification for travel expenses:

Collection of field data requires at least 2 trips to the Pilot Va1'ley

4. Assistance (Hourly or $ o oo
Work-Study Wages)

Employee Benefits $--
Please indicate the kind
of work assistants will do.

5. Creative Prolect Documentation:

Total $_q.,Og_

Total $

Grand Total $ 3e20.00

*'NOTE: lf another category is needed, please cross out one not being used
and list desired category.



III. A FIELD.BASED STUDY OF THE LIKELIHOOD FOR SALINITY.DRIVEN
FREE.CONVECTION BENEATH THE PILOT VALLEY PLAYA, UTAH.
NEVADA

INTRODUCTION

Duffy and Al-Hassan (1988), using the results of numerical modcling studies, suggest that

salinitydriven groundwater flow systems may b found beneath playas (salt flats) located in closed

desert basins. A conceptual model of the system that they envisage is shown in Figure I where

evaporation of groundwater at the playa surface (the sole mechanism for discharge of water from

the basin) serves to conccntrate dissolved constituents in shallow groundwater. The resulting

inqeasc in fluid dcnsity near thc water table is presumed to cause a buoyancydriven downflow of

groundwater in the central rcgron of thc playa urd upflow along a freshwater-salnnater interfacc

located beneath the playa margin (Figurc l). In addition, a brine wedge (a distinct region of saline

groundwater below the valley floor) is expectcd to form as groundwat€r movement transports

solues dissolved in the gloundwater through the systcm.

The rate of evolution, extent, and chemical charactcr of a brine wedge will be dictate4 in large

part, by the prccesses controlling solutc transport. If groundwater velocitics in a postulaled free-

convection cell are less than about l0ll m s-l (0.0003 m per year) solute transport is dominatcd by

chemical diffusion away from the water table. Whcre fluid velocities excccd this value, advective

transport dominates. Bccausc vertical variations in the concentration of solutcs dissolved in the

groundwarcr are cxpecrcd to reflect the dominant process controlling transporrt" I prorposc to collect

groundwater samples frrom a variety of depths beneath the Pilot Valley playa. Iaboratory analyses ot

solurc and stablc isotope concentrations in the sanples will provide a basis for. infening the

range of groundwater velocities required to produce the observed concentrationdepth profiles.
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Figure l. Conccpnrd model of groundwatcr flow and solurc transport bcncath a pl&ya- Vcnical
cxaggcrati@ is approximaaly 10:1. Thc location of ttp brinc wodge is indicatedby thc stipplcdregion.

Figrue 2. Dissolvcd-solids conccntration of brinc bcncath ,hr Irk Fromc playa, Australia exprcsscd as

weight per mil (96o). From Bowlcr, 1986.



Thc proposcd study appears to be the first attempt to obtain the field data needed to assess whether

or not a salinity-driven free-convection cell might control solute transport beneath a playa.

Although a saltwater-freshwater interface indicates the presence of a brine wedge beneath the

margin of the Pilot Valley playa (DuB and Al-Hassan, 1988), insufficient information is available

to establish if the flow system inferred from theoretical studies might exist in the freld. A brine

wedge located beneath a playa found in Lake Frome, Australia (Figure 2) is more completely

characterized (Bowler, 1986); however, little effort has been made to establish the dominant

mechanism for solutc transport.

Obtaining a better undcrstanding of the conditions promoting salinity-driven groundwater flow

bcneath a playa will help rcfine conceptual modcls proposed to explain groundwater flow and

solurc transpoft in a variety of geologic environments. For exarnple, Bethke (1988) suggests that

saline groundwaten originating in a paleo playa environment werc incorporated in a regional-scale

groundwater circulation system and playcd an important role in the genesis of ore dcposits found at

Cbeedc Caldera, Colorado. Although potentially important, the impact of salinity-driven flow on

the timing andcharacter of mineralization has yet to be evaluated- An imponant goal of this study

is to obtain the information needed to begin validatingregional-scale numerical models that attempt

to rcpresent the buoyancy-driven groundwater flow that results from salinity-derived density

variations.

ESTIIvIATII{G RATES OF FLLJID FLIIX AND DEPTIIS OF SOLUTE TRANSPORT

Using an analytical solution to the l-dimensional transport equation (including advection,

diffrrsion, and mechanical mixing within a vertical column of porous rncdia) provided by Ogata and

Banks (1961) I have est'mated the concentration profiles that might be expected beneath the playa.

A constant concentration of the species of intcrest (e.g., Cl) is specifed at the upper boundary (C =

Ce) wtrile the lower boundary is held at a concentration of zero. The impact of chemical reactions

on solutc concentrations arc not considercd and the initial concentration of the species of interest is
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assumcd to be zcro throughout thc scdimcnt column. This confrgrration concsponds nicely to the

field situation wherp evaporation of grotrndwater within the playa leads to elevacd conccntrations

of soluble species and emichrcnt in the concentrations of heavier stable isotopes at the watcr table.

Data presented by Lines (1979) indicates that a stnong chemical signal will be providcd bccause

otal dissolved solids concentrations excecd 300 g p€r litr€ (Figurc 3) and Cl' conccntrations excecd

170 g per litre. In addition, fractionation of light stablc isotopcs of oxygen and hydrogen by

evaporation undcr non-equilibrium conditions (lighrcr isotopes are transported away from the

regron of evaporation) can produce concentration dcviations in excess of 4Vafor H2Ql8 and LVn

for HDO. Because these variations are much largcr than uncertainties inherent in thc analytical

procedures; t 0.2% for oxygcn-lE and t 2V@ for deuterium a strong isotopic signal should be

prcsent at tbc walcr table.
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Figure 3. Dissolved-solids oonocntration of b'rine in thc shallow-brine aquifer in Pilot Valley, fall
of 1976. Thc locations of groundwarcr springs arc indicatcd with ils and the piezometer nests
installed by Dutry. and cqwo'r\ers arp indicated with +'s. The proposcd sampling transect is also
indicated F coor 
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The results of a series of calculations are shown in Table 1. Numcrical simulations of two-

dimensional coupled fluid flow and solute transport in a vcrtical section represcnting the Pilot

Valley (Duffy and Al-tlassan, 1988) suggest that l0'8 m s-l is a rcasonable upper limit for vz. [n

cases where v, is less than about l0ll m s-1, chemical diffusion dominates the transpon of

solutes. Although there is some uncertainty in estimating the timc when the evaporation process

began to promote elevated solutc concentrations at the water table, a time of 10,000 years is

assumed (geologic evidcnce suggests an upper limit of 30,000 years). A median value for the

cocfficient of hydrodynamic dispersion D" (representing the processes of both chemical diffusion

and mechanical mixing in ttre porcus rrpdium) was selected (5 x l0l0nF s-1).

Where computed values of the normalizcd conccntration C/C-o equal 1.0, a uniform concentration

profile (with concentration = Co) is expeced at shallowerdcpths than thc sample location Clable

1). Wherc values of C/Co equal zcro, the indicatcd dcpth has yct to bc rcachcd by thc downward

moving solute front. At intervening dcpths, the charactcr of the concentration-depth profile will

rcflect the rate of vertical fluid flux. A highly non-linear profile is typical. It is apparent frrom the

results shown in Table 1 that a I m sampling dcpth is too close to the solutc source to providc the

information ncedcd to estfunate fluid velocities. Collecting samples at a dcpth of 10 m; however,

may assist in discriminating bctween diffusion-dominated transport and the influcnce of slow

circulation in a salinitydriven ftrc-convection cell. Where fluid velocitics arc less than l0ll m

s-1, a non-uniform ooncentration-dcpttr profile is anticipated at dcpths shallowEr than l0 rn Where

velocities exceed l}ll m s-1, s unifqm concentration equal to the solue concentration at the watcr

table is anticiparcd- Although a distinction might be made bctwcen diffusive ve6us advective

transport with semples collccrcd at dcpths shallower than 10 m, sanple dcpths on thc ordcr of 100

m are required to attempt quantifying vertical groundwater velocities. Thc oxygen-l8 and

deuterium content of groundwater is considered to be a conscrvative property that is unaffccted by

physiochemical processes that influence the concentration of dissolved solids in groundwater. As

a consequence, in diffusion-dominated situations, the stable isotope front should be found at



shallower dcpths than the associarcd solute fronts. This result providcs an important tool for

discriminating between'diffusive and advective transpqt.

TABLE l. Estimaes of Normalircd C-oncentration 9Co as a Function of Fluid Velocity and

Sa-pling Depth Assuming a Tirre Sirrcc Initiation of Solua Trursport =10,000 ycan

APPROACTI

I propose to obtain venicallydistributcd groundwaer samplcs fom a small number of sies within

ttre Pilot Valley playa as a first step in estimating the potcntial fqr estimating vertical fluid velocities

beneath a playa- Groundwater samples wil be collected by insfalling PVC prpes with short intake

screens (piezomcrcrs) at dcpths up to 10 m beneath the playf surface and collccting samples of

groundwarcr that enters each piezometer. A peizometer nest comprises a group of piezometers

installed at various depths at the same location. Analyzing thp samples obtained from each nest

providcs an opportunity to obtain a preliminary indicatlon of vertical variations in the

concentrations of a variety of chemical qpecies and sable isoorts.

The hydrology and geology of thc Pilot Valley playa Qocatcd [90 km east of Salt Lake City) and

other playas in the Western U.S.A. (including the Bonnleville Salt Flats) have received

considerable attcntion in thc past (Nolan, 1928; Motts, t965; Mons, L970a and 1970b; Stephens

and Hoo4 1973; Turk, 1973; Lines, 1979; Duffy and Al-flassan, 1988). This background

infqmation will be exploitcd to advantage whcn dcsigning and flmplercnting the proposcd study.
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Processes that might complicate inrcrprctations of thc chemical and isotopic data include: (1)

repetitive cycles of playa formation that may cause nonunifo'lp variations in solute and isotopic

concentrations at thc watcr tablc, (2) longtcrm spatial and temfloral variations in evaporation rates

that may yield changes in solurc and isoopic concentrations at the water table, and (3) rock-water

interactions (e.9., dissolution or precipitation of cvaporite mincrals) that modify solute

concentrations (but not isoope concentrations). Despite thesc {ddcd complexities, the preliminary

analyses outlined in this proposal suggest that it is worth colle{ting vertically-distributed samples

of shallow grotrndwater to assess whether or not a larger scale ifrvestigation should be initiaed.

METHODOI.OGY

TASK 1. Piezometer Installation: Piezometers will be instilled by drilling to a scries of pre-

determined dcpths (or as deep as practicablc) then installing p.8 cm diameter PVC pipe in each

auger hole with a sand pack and filtcr scrcrn (0.3 m long) providing acccss to the adjacent

formation at the bottom of each pipc. Shallow holcs (l to 3 4oetcn dccp) will bc drilled using a

hand auger (o be purchased using funds granted for this sm{y). Deeper holcs (up !o 10 meters

dccp) will be drilled with a trailer-mounted auger on loan frofi the Utatr Geological and Mineral

Survey (this rig is currently unable to pcnetrate beyond dcFths of l0 m). All holes will be

bactfilled with a mix of benonite and chemically inen fuie-graihcd matsriat.

My goal is to completc 8 piezorcter nests that each comprisc tlnec holes ddlled o dcpttts of about

1, 3, and 10 mctcrs, and nvo nests that each comprise up to 6 lioles completed at various dcpths to

about 10 mecrs. The fint scveral piezonreter ness will be locafed @ to obtain

concentration{cpth profiles along a transcct that will show th$ transition from relatively low fluid

dcnsity to the modmum fluid dcnsity indicated for the playa (r[a:rimum density corrcsponds to the

maximum concentration of dissolved solids shown in Filure 3). Variations in electrical

conductance and freld estimarcs of Cl' and SO4-2 concentratiohs observed in each piezomcer nest

will be used to estimate the lateral and vertical variaiorls in dissolved solids and solute



concentrations. Thesc data will, in turn, aid in selecting the lbcations of subscquent piezometer

nests. Every effort will be made to idcntify and instrument the host likely locations fo downflow

in one or morc salinity-driven frce-convcction cells. The finfl 6hole piezometcr nests will be

installed at the most likely locations for downflow. The bulk o! this wo'rk will bc caried out in lab

Septembcr, 1990 when the playa strface is sufficicntly dry to pfovidc vehicular ac@ss.

TASK 2. Collection of Groundwater Samples: Groundwater s[mples will be collected from (1) a

subset of the piezometers installed in this prognrm, (2) severaf piezometers installed in previous

studies, and (3) from springs located on the flank of the $lot Range mountains (Figure 3).

Standard techniqucs will bc uscd to collect, translxrrt, and presprve the samples for both chcmical

and isotopic analyses. Bccausc water levcls in the will bc closc to the ground surface

(dcpths to watcr are gcnerally less than 1 m), groundwarcr are easily exmctcd with a

bailer or small hand pump. The P.I. and scveral of his

necessary procedures.

are well acquainad with the

Bccausc insufficient funding is requested to collect and anafyze samples from all the possible

sample locations, sample sites will be prioritizcd after compldting all the piezomcrcr nests. Cl-,

SO4'2, and electrical conductance will bc measured in the field to dcfine vertical and lateral

variations in solute concentration. A Hach kit (available wittiin the Department of Geology and

Geophysics) will bc uscd o obtain preliminary estirnates of Ct and SO4-2 ateach sample location

and clectrical conductance wil bc measured with a portable elfctrical conductivity protre dcsigned

to obtain in-situ mcasurEments in wells (to be purchased usirig funds granted for this study). A

r€prcsentativc suitc of sarnplcs should include two sampleC from the upper clevation springs

(Figure 3) and two samples from the lower elevation sprin$s. Thc remaining samples will be

collected to providc analyses across the range of vertical cher$ical gradicnts obsewed in the field

analysgs. Analyses of spring watcrs arc neccssary in ordcr to obtain estimatcs of background

concentrations for each chemical species and each stable ilotopc to bc uscd in inferring the
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dminant rcchanisms controlling fluid flow and solua transpo{t beneath thc playa. Both chemical
Sqvr^.o\0a

and stable isotope anebtcas wil be sent to commercial labor4tories for analysis. Species to be

analyzed in each groundwater sarnplc will includc Na, K, Ca, Mg, Fe, Al, SiO2, B, Li, Sr, HCO3,

CO3, F, SO4, TDS, pH, 601t, and 6D.

TASK 3. Data Analysis: The results of the analyses of ttre water samples will bc compiled

and interprreEd wittt a view to cstablishing the most likely causing the observed laterd

and vertical gradicna (or lack of a gradient) in the of each chemical species and

solute transport by advection,stablc isotope. Simple analytical modcls dcscribing I

dispcrsion, diffusion, and possibly chemical rcactions (simi[ar to those outlined in an carlicr

scction) will bc uscd o obtain thc nccessary insight. An asses$mnt of the unccrtainty inhcrent in

each of the rcasrred pararctcn will be incorprarcd in the fin{ analysis.

ANTICIPATED RESI.JLTS

The proposcd sndy is expected to yield a preliminary undcntafding of thc vertical variation in the

concentration of several chemical species (including Cl, SO4, Ea, Mg, Nq CO3, and a number of

uace elcmena) and stable isotopes oxygen-l8 and dcuterium ui the scdiments undcrlying the floor

of thc Pilot Vallcy playa. This information will be used to {stablish whether or not rcgions of

relatively large vertical fluid flux (1$-ll to 1O9 m s-l) are [k$ly bcncath the Pilot Valley. If the

vertical profiles of solurc and isoope concentrations indicarc fhc prescncc of signifrcutt vertical

groundwatcrflow, thcn it scems plausible that the salinity- &ivfn free-conrrection cell proposed by

Duffy and Al-tlassan (19E8) might exist bcneath the valley floor. Othenvisc, a diffcrent flow

system must bc proposcd where diffusive transport controls thc vcrtical variations in solurc

concentration.

Thc data sct" and preliminary intcrpreations obtaincd in the prdposcd study, will form thc basis for

a proposal to bc submitted to thc National Science Foundatiori, or the U.S. Geological Survey, to
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obtain the funding needed o install additional sampling points afd obtain a more detailed picture of

the vertical concentration profiles. The detailed profiles will hefp to constrain numerical modeling

studies proposed to explorc the primary mechanisms thought td control basin-scale fluid flow and

solute transpoft.

hydrogeologic field investigations.

BI.JDGET

1. Supplies
a. piezometer prpe 450 ft. @ $0.60 per foot
b. piezometer completion materials 36 @ $15.00
c. fuel for auger rig and misc. supplies

(incl.hand pump for water sarrrpling and sample

2. Equipment
a. hand auger with extensions to 4 meters length
b. electrical conductance probe

2a. Sample Analyses
a. chemical analyses 12 @ $90.00
b. isotope analyses 12 @ $50.00

3. Travel
a. Domestic

Deparunent 4x4 Vehicle
2 trips with total 500 miles @ $O.SO per mile

4. Assistance

TOTAL

PERSONNEL

270.00
540.00

) 200.00

380.00
600.00

1080.00
600.00

250.00

0.00

3920.00

The tasks outlined above will be carried out by the Principal [nvestigator (P.I.) with assistance

from a number of volunteer personnel. Dr. Paul Jewell fror{r the department of Geology and

Geophysics is interested in studying the paleohydrology of lakes found in a variety of
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environrnents including those that were priesent prior to the dev$lopment of ttre Pilot Valley playa.

In addition, up to one dezen undergraduate students enrolled in the surnmer field camp offered by

the Department of Geology and Geophysics will carry out a maJor portion of the field work over a

4 to 5 day period in late September. Erik Peterson (a M.S. s{udent enrolled at Brigham Young

University) and his major professor Dr. Alan Mayo are interesfed in assisting in the collection of

field data that will help constrain the numerical modeling studits that Erik will perform as part of

his thesis research. Doug Oliver (a M.S. student enrolled at Vtah State University) is currently

collecting hydraulic and chemical data from 3 test-well arrays Qn the margin of the Pilot Valley as

part of his thesis rpsearch. Doug would like to includc the area$y disributed data provided by this

project in his interpretation of the relationship between clirfatc, topography, and subsurface

hydrology in closed desert basins.

SCHEDULE

A onc year project is proposed- An initial round of piezorneter iirstallation and water sampling will

be calried out in the early summer of 1990 in order to confinn fhe magnitude of the chemical and

isotopic signals. The bulk of the piezometer installation and water sampling activities wilt be

completed in late September 190. Chemical and isotopic analgses should be complete by January

1991. Data analysis and interpretation of the concentration-dNpth profiles will be completed the

spring of 1991. The results of the study wiU be incorporated u[a proposal for additional funding

from an external agency and, if appropriate, a paper to be submi{ted to a suitable scientific journal.
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